Background: Musculoskeletal disorders (MSD) may be defined as injuries and disorders of the muscles, nerves, tendons, ligaments, joints, cartilage and spinal disc. This may occur due to improper physical work activities or appalling workplace conditions. Awkward or extreme postures are less efficient than posture keep joints near the center of their range of motion. Objective: The objective of the current study was to assessment of postural effect on work related musculoskeletal disorders and back muscle fatigue among the goldsmiths of India. Methods: In this current study, the experiment was performed on 100 male goldsmiths. A detailed questionnaire study on discomfort feeling was done and analysis of body posture by Rapid Upper Limb Assessment was done to evaluate the work stress during their job. Electromyographic activity was collected from ten major trunk muscles sites which consist of right and left muscle. Result: From the analysis, it was revealed that musculoskeletal disorders were the major problem of the goldsmiths. Moreover questionnaire study revealed that most of the workers were affected by pain at Neck (80%), Low back (91%), Wrist (45%), Shoulder (20%). Decreased in RMS and MedF of all the ten major trunk muscles were observed at the end of the every work cycle, which indicating that muscular fatigue was induced by the Gold Smiths tasks. Conclusion: From this study it can be concluded that the goldsmiths are working in awkward and forward bending postures for prolonged period of time with the potential risks of musculoskeletal disorders primarily affecting the low-back and neck region of the body. This can be attributed by the improper design of the workstation.
Introduction
Many people have experienced muscle fatigue in daily life, including low back and shoulder pain. The degree of such pain can be estimated by a patient's subjective symptoms or by examining muscle stiffness utilizing manual palpation. These methods, however, are not necessarily reliable, and manual palpation is particularly dependent upon operator experience. Quantifying muscle fatigue is vital to the suppression or reduction of pain. It has been demonstrated that in local muscle fatigue, the myoelectric frequency shifts towards a lower frequency band with both static and dynamic contractions [1] .
Musculoskeletal disorders (MSD) can be caused by heavy physical work, static work postures, frequent bending and twisting, lifting, pushing and pulling, repetitive work, vibration and psychological and psychosocial stress [10] . Musculoskeletal disorder is commonly caused by overexertion, muscle strain and repetitive strain. The risk of disorder also directly related to the some number and speed of movements and the amount of force exerted with each movement. A task with high repetition and poor postures may result in a significant number of complaints or injuries [11] . A person working from an extreme or awkward posture will have to use more force to accomplish the same amount of work compared to using a neutral posture, which in turn affects muscle loading and compressive forces on the internal vertebral disc [12, 13] . The amount and quality of forward-bent posture and the techniques of work influence the compressive force on the vertebral discs and the electromyography of erector spine muscles [12] .
Based on biomechanical models of the spine, it was proposed that spinal stabilization should be considered the result of highly-coordinated muscular activation interacting with passive elements [3] . However sufficient spinal stability is usually achieved by modest coordinated co-contraction of the anterior and posterior trunk muscles [3] . Spinal stability is also highly dependent on spinal load and posture [4] as well as task requirements [5] . Instability of the lumbar spine has been suggested to be both a cause and a consequence of low back pain (LBP) [3] .
Surface EMG techniques have been extensively applied to the analysis of low back muscles, both in healthy subjects and low back pain patients [2, 3, 4, 5, 6] . Surface EMG analysis has shown advantages for fatigue assessment and has been applied for classifying healthy subjects and low back pain patients [3] , trained and non-trained subjects [4] , subjects under rehabilitation treatments [5] ; moreover, surface EMG provided evidence of physiological phenomena related to the back musculature [7] and myoelectric manifestations of muscle fatigue were shown to be predictor of the trunk extensor endurance time [8] , thus reflecting mechanical fatigue.
In India Gold ornament making industries are one of the widespread small-scale industries. A large number of goldsmiths are working there for prolonged period in a semi-confined workstation. In previous study [17] it was found that goldsmiths were highly affected by improper body posture and workload. Twisting, bending, and over-reaching are the resultant of poorly designed workstation. Moreover, lack of proper illumination at work site also exerts an additional adverse effect on the health of the goldsmiths.
The purpose of the current study was to assessment of postural effect on work related musculoskeletal disorders and back muscle fatigue among the goldsmiths of India.
Methods
For this current study 100 male goldsmiths were randomly selected from Davangere district of Karnataka, India
Questionnaire study:
Modifiied Nordic questionnaire [20] was applied which included questions emphasizing individual details, type of work, musculoskeletal disorder symptoms, history of accidents etc. to investigate the discomfort of work. In our present study this type of questionnaire was applied to evaluate the general physical activity, task variety, work stress, working environment and workstation design of the goldsmiths.
Analysis of Working Posture:
The maintenance of posture and the support of load are particular examples of static work. To analyze posture, measurement of the angles between the body parts, distribution of masses of body parts, the forces exerted on the environment during the posture, the length of the time during which specific posture is held and the effect on the person should be taken into account. A procedure was developed by McAtamney and Corlett [21] to assess the exposure of people to postures, forces and muscle activities known to contribute to Upper Limb Disorders (ULD). This Rapid Upper Limb Assessment (RULA) technique was used here to assess the postural discomfort of the goldsmith at their average working posture.
Electromyography (EMG):
Electromyographic (EMG) activity was collected through the use of bi-polar silver-silver chloride electrodes that have 4 mm diameter. Gel filled disposable vinyl electrodes (EL 503) and Biopac Student Lab, MP30B -CE (California, USA) were used for each recording. The electrodes were placed at the ten major trunk muscles sites which consist of right and left muscle pairs of trapezius; latissimus dorsi; teres minor; teres major and erector spinae muscles. The raw EMG signals were pre-amplified, high-passed filtered at 10 Hz, low-passed filtered at 500 Hz, rectified, and smoothed with a low pass filter of 20ms sliding window. The Amplitude of the rectified EMG over a time interval was recorded as Root Mean Square (RMS). The frequency content of each recording in each segment was analyzed by Fast Fourier Transform analysis (FFT) and the power spectrum was quantified by measuring Median Frequency (MDF). All the data were collected for two times of a work cycle as starting of work and end of work.
Muscle fatigue during the work was assessed through power spectral analysis of the EMG data. The rate of decline of Median Frequency (MedF) and the rate of EMG amplitude (RMS) were calculated to confirm that muscle fatigue was induced correctly.
To ensure that the sEMG protocols were complied with, we attached electrodes on respective muscles and a physiotherapist was consulted before the evaluation was carried out. The setting of the sEMG system during the measurement was based on sEMG for the Non-Invasive Assessment of Muscles [27] . The settings were as follows: The measurements of muscle activity were conducted based on real-time monitoring. All electrodes were connected to a data logger and the electromyography signals from the data logger are monitored through a lap top screen using a wireless network. Before starting the muscle activity measurement, the personal details of the subject are recorded in the MegaWin software. At the beginning of the measurement, the subject was given sufficient time to familiarize and practice the sEMG system. The subject was informed that he had to perform the process
Statistical analysis:
Repeated-measures analysis of variance (ANOVA) statistical analyses were performed for the Trunk muscle's EMG amplitude (RMS) & Median Frequency to explore whether differences exist between the two times of a work cycle as starting of work and end of work. For ANOVA the F ratio was computed to find out the significant difference between the changes of EMG and muscle fatigue during the work. Statistical analysis was performed using the statistical package PRIMER OF BIOSTATISTICS (Primer of Biostatistics 5.0.msi, Msi Version 1.20.1827.0, Primer for Windows, McGraw-Hill).
Results
Demographic factors of goldsmiths, relating to the study population, including age, weight and in Table 1 . The mean age of the workers being 32 years have average 163.25cm height and 56.36 kg weight. The years of experience of the workers were calculated from questionnaire and on average goldsmiths have 13.2 years of experience. The daily work schedule including the average duration of work was 12 hrs (± 2.11) that varies on the demand of work and rest 1 hr (± 1.00). The number of working days in a week is six days ( Table 2) . The analysis of questionnaire (Table 3) showed that 100% of the workers performed skillful activity. As large as 93% of them reported that they have to sit in one place for a long time while working. 57% of the workers agreed that there exists rigidity in work methods and conditions. 82% of the workers reported that their job demand a target specific productivity. 100% of the workers reported that their job requires repetitive motion of body segments, particularly the movement of the hands. During questionnaire study 100% goldsmiths were reported the feeling of discomfort. It was observed that the feelings of discomfort among the goldsmiths were mainly related to musculoskeletal disorders like pain at Neck (80%), Low back (91%), Wrist (45%), Shoulder (20%). The average working posture of the goldsmiths at their working condition (cross-legged) was analyzed by the RULA method (Table 4 ). The analysis revealed that the posture requires investigation and changes immediately. This indicates that the workers are adopting awkward posture at their daily work process. Figure 1 for both side of trunk muscles which consists of right and left muscle pairs of trapezius; latissimus dorsi; teres minor; teres major and erector spinae muscles. The mean value of Trunk muscle's EMG amplitude (RMS) & Median Frequency were calculated for two times of a work cycle as starting of work and end of work. Decreased in RMS and MedF of all the ten major trunk muscles were observed at the end of the every work cycle, which indicates that muscular fatigue was induced by the Gold Smiths tasks.
Figure 1: Changes in Trunk muscle's EMG amplitude (RMS) & Median Frequency of Gold Smiths
The analysis of variance (ANOVA) indicated that there was significant decrease in EMG amplitude (RMS) & Median Frequency in all the ten major trunk muscles at the end of the every work cycle. This indicates an increase in onset of fatigue in all the ten major trunk muscles (Table 5 ). 
Discussion
The results of this study revealed that the goldsmiths are engaged in prolonged forward bending posture in there working condition which may lead to discomfort feeling (pain) among them. This result corroborates with the work of Gangopadhyay et al. [22, 23] . According to them the subjects working in an awkward posture for prolonged period of time lead to discomfort feeling (pain) in different parts of the body which may lead to musculoskeletal disorders among them. The current study also indicates that the goldsmith are constantly engaged in repetitive and hand intensive jobs for several years, from which they suffer from discomfort feeling in the upper extremities of the body. Similar result was found by of Gangopadhyay et al. [24] , according to them highly repetitive hand intensive jobs among the brass metal workers lead to discomfort in the upper extremities. It has been also known that WMSDs are caused by multi-factorial operations of various risk factors such as poor working posture, repetitive and forceful activities and static muscle load [25, 26] . The association of poor body postures with pain or symptoms of musculoskeletal disorders has been reported in a number of studies. [27, 28] Various studies [14, 15, 16] found a significant association between posture variables and neck MSDs. Similarly current study finds that, 100% goldsmiths were having feeling of discomfort. It also observed that the feelings of discomfort among the goldsmiths were related to musculoskeletal disorders like pain at Neck (80%) and Low back (91%). This finding also corroborates with the analysis of cross-legged posture of the goldsmiths by the RULA method. It reveals that the posture requires investigation and changes immediately. This indicates that the workers by adopting awkward posture at work, most often suffer from musculoskeletal disorders particularly affecting the low back and neck region. According to them awkward posture lead to discomfort feeling (pain) in different parts of the body especially on lower back, neck, knee region of the body.
From the observation and analysis of the result it can be revealed that the goldsmiths are working in awkward postures, with the potential risks of musculoskeletal disorders primarily affecting the low-back and neck region.
From the observation and analysis of the result it can be revealed that the goldsmiths are working in awkward postures, with the potential risks of musculoskeletal disorders primarily affecting the low-back and neck region. Based on biomechanical models of the spine, it was proposed that spinal stabilization should be considered the result of highly coordinated muscular activation interacting with passive elements [29] . However, sufficient spinal stability is usually achieved by modest coordinated co-contraction of the anterior and posterior trunk muscles. Spinal stability is also highly dependent on spinal load and posture [30] as well as task requirements [31] . Instability of the spine has been suggested to be a cause and a consequence of low back pain (LBP) [29] .
The amount and quality of forward-bent posture and the techniques of work influence the compressive force on the vertebral discs and the electromyography of spine muscles [12] . The relationship between the force produced by the muscle or muscle activity and the amplitude of the EMG signal is relatively linear [32] . The relationship between the muscle activity and the energy content of the EMG signal within physiological limit is also linear but in fatigue state low energy content of the EMG is produced [33] . Gold smiths working activities uses ten major trunk muscles which consist of right and left muscle pairs of trapezius; latissimus dorsi; teres minor; teres major and erector spinae muscles in great extent. As they perform their work in particular posture for prolonged duration,it causes static load to trunk muscles. Surface EMG study shows the mean value of Trunk muscle's amplitude (RMS) & Median Frequency were decreased in for all the ten major trunk muscles at the end of the every work cycle, indicating that muscular fatigue was induced by the Gold Smiths tasks.
The lower EMG power spectrum shift during fatigue is considered to be related to biochemical by-product accumulation (H+ and lactic acid) in the muscle, which changes the action potential conduction velocity [34] . Other factors, such as firing rate of motor units, motor unit synchronization, additional recruitment of motor units, and muscle temperature influence the frequency changes. In this study, significant change in EMG parameters (MDF, RMS) was recorded at the end of a work cycle. ANOVA detected significant decrease in EMG amplitude (RMS) & Median Frequency in all the ten major trunk muscles at the end of the every work cycle. Lower MDF shift related to fatigue is believed to be more reflected in type II fibre fatigue. Komi and Tesch [35] showed in their experiment that MDF declined significantly during fatigue in subjects with a high proportion of fast-twitch fibers, but showed only a slight decrease in those with a high proportion of slow-twitch fibers. Erector spinae muscles are composed of about 40% type II and 60% type I fibers [36] . Postural muscles contain less type II fibers than many other muscles [37] , although the proportion of type II fibers tend to be larger in subjects with low back pain (LBP) [3] .
Conclusion
From this study it can be concluded that the goldsmiths are indicates Trunk muscle's fatigue was induced by the Gold Smiths tasks. It is also possible that these muscles are not able to provide sufficient stabilization to the vertebral units due to the fatigue. The working environment of the goldsmith also affects them to a great extent. Lack of proper illumination at work site exerts an additional adverse effect on the eyes. Thus this study indicates the appalling condition of the goldsmiths.
To overcome such problem, the existing posture can be eliminated by ergonomically modified work desk. This modification may increase the safety of the workers at the work.
Recommendations
I) Ergonomically designed adjustable work desk (work height, work space) along with adjustable chair with proper back rest should be provided to the goldsmith to avoid the forward bending and cross leg posture.
II) Provide recommended (precision job) illumination to their work site, which can reduce the visual discomfort.
III) Since prolonged sitting in cross leg posture is clearly an additional risk factor affecting the musculoskeletal system in these settings, goldsmiths should be strongly suggested to take rest pauses during work period.
